Reconstitution of drug transport by purified P-glycoprotein.
P-glycoprotein confers multidrug resistance upon cells in which it is highly expressed, reducing the effectiveness of numerous cytotoxic drugs, including many of those used for chemotherapy of cancer. Although P-glycoprotein is widely believed to function as an ATP-dependent drug efflux pump, the unusually broad substrate specificity of P-glycoprotein has engendered the proposal of other, less direct mechanisms. None of the hypothetical mechanisms has been definitively tested, however, in a purified system where other cellular components and processes are absent. We have used a fluorescent substrate of P-glycoprotein, Hoechst 33342, to measure transport activity in real-time of highly purified P-glycoprotein in a reconstituted liposome system in which the P-glycoprotein has a uniformly inside-out orientation. Using this system, we demonstrated MgATP-dependent, chemosensitizer-inhibitable transport of Hoechst 33342. Transport was prevented by omission of Mg2+, by substitution of nonhydrolyzable adenylyl-beta,gamma-imidodiphosphate for ATP, by inhibition of the ATPase activity of P-glycoprotein with vanadate and N-ethylmaleimide, and by the chemosensitizers verapamil and amiodarone. Measurements of intraliposomal pH during Hoechst 33342 transport detected no large pH changes in P-glycoprotein-containing liposomes. These results are inconsistent with a mechanism in which P-glycoprotein affects drug accumulation by directly altering intracellular pH. The Hoechst 33342 transport assay results are consistent with mechanisms in which P-glycoprotein alone is sufficient to transport drugs out of the membrane bilayer.